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INTRODUCTION 

Adenocarcinoma  of  the  prostate  has  become  the  most  common  malignancy  in  American  males. 
In  2003  an  estimated  220,900  men  will  be  diagnosed  with  the  disease  and  28,900  will  die  of  it1. 
At  50  years  of  age  or  older,  the  estimated  probability  of  developing  clinically  apparent  carcinoma 
is  9.6%  and  11.4%  for  white  and  black  men,  respectively2,3.  Curative  options  for  prostate  cancer 
include  radiation  therapy  and  radical  prostatectomy.  Radical  prostatectomy  is  considered  by 
many  to  be  the  treatment  of  choice  for  patients  with  localized  cancer  of  the  prostate  and  offers 
these  patients  the  greatest  chance  for  long  term  survival4'9.  The  major  side  effects  of 
prostatectomy  are  impotence  and  incontinence.  Prior  to  the  advent  of  nerve-sparing  surgical 
techniques,  it  is  estimated  that  less  than  10%  of  patients  who  underwent  radical  prostatectomy 
recovered  erectile  function  postoperatively  and  urinary  incontinence  rates  as  high  as  87%  were 
reported  10.  Since  the  original  description  of  the  importance  of  the  peri-prostatic  neurovascular 
bundle  in  preserving  erectile  function  by  Walsh  and  Donker  11  the  anatomic  nerve  sparing 
operation  has  become  the  standard  approach  in  most  cases.  This  modified  surgical  approach 
significantly  reduces  the  impotence  rates  in  these  patients4, 5’12,13.  There  is  some  evidence  that  the 
neurovascular  bundles  may  contribute  to  the  preservation  of  continence  as  well  by  maintaining 
autonomic  innervation  to  the  smooth  muscle  in  the  distal  urethra  and  the  somatic  motor  supply  to 
the  striated  sphincter7,12,13.  The  neurovascular  bundles  are  located  within  the  lateral  prostatic 
fascia  dorsolateral  to  the  prostate  and  lateral  to  the  membranous  urethra.  They  are  susceptible  to 
injury  during  the  standard  radical  prostatectomy  performed  either  by  the  retropubic  or  the 
perineal  approach.  To  ensure  an  adequate  cancer  operation  in  cases  where  the  nerves  are  adherent 
to  the  prostate  and  there  is  increased  suspicion  of  extraprostatic  extension  of  tumor,  it  would  be 
necessary  to  sacrifice  the  neurovascular  bundle  on  that  side.  The  potency  rate  can  decrease  from 
21-76%  with  bilateral  neurovascular  bundle  preservation  to  as  low  as  0-56%  with  unilateral 
nerve  preservation  14"18.  After  wide  resection  of  both  neurovascular  bundles,  recovery  of 
spontaneous  erections  adequate  for  intercourse  is  rare1416. 

Certain  factors  such  as  a  serum  PSA>10ng/ml,  biopsy  tumor  Gleason  >7,  clinical  stage 
T2a  or  higher,  and  a  high  number  and  percentage  of  biopsy  cores  involved  with  cancer, 
particularly  with  Gleason  component  4  or  5  are  believed  to  place  a  given  individual  at  high  risk 
for  microscopic  extraprostatic  tumor  extension19.  Wide  resection  of  the  neurovascular  bundle  is 
necessary  in  these  cases  in  order  to  achieve  a  negative  surgical  margin  which  is  important  to 
decrease  the  likelihood  of  subsequent  biochemical  recurrence  20.  The  bilateral  nerve  sparing 
technique  should  be  applied  whenever  possible.  However  in  an  unselected  population  of  men 
with  prostate  cancer,  a  significant  proportion  will  require  unilateral  nerve  resection  and  rarely 
bilateral  nerve  resection  to  maximize  the  chance  of  cure.  Even  in  patients  undergoing  bilateral 
nerve  sparing  radical  prostatectomy,  the  post-operative  potency  takes  time  to  recover  and  the 
rates  are  not  100%.  It  is  conceivable  that  factors  that  improve  nerve  regeneration  and  growth 
could  enhance  earlier  and  more  complete  return  of  erectile  function  even  in  those  men  who 
undergo  nerve  sparing  procedures.  In  addition  to  patients  undergoing  radical  prostatectomy, 
neurovascular  bundle  damage  can  be  sustained  by  individuals  after  radical  cystoprostatectomy, 
low  anterior  colon  resection  and  rectal  surgery.  The  ability  to  preserve  or  replace  these  nerves 
could  potentially  increase  the  likelihood  of  post-operative  potency  in  these  patients  as  well21. 
This  project  is  aimed  as  investigating  biodegradable  polymer  conduits  impregnated  with  laminin, 
schwann  cells  or  neuronal  stem  cells  as  possible  candidates  for  replacement  of  the  cavernous 
nerve  in  an  animal  model. 

BODY  OF  REPORT 

Substrate  fabrication:  A  chrome  lithography  mask  was  produced  with  the  micron  scale  patterns 
of  10  pm  groove  width,  and  20  pm  groove  spacing  using  conventional  lithographic  techniques. 
The  mask  was  deposited  onto  a  two-inch  diameter  quartz  slide  or  a  four-inch  diameter  silicon 
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wafer  in  a  vacuum  chamber  purged  with  argon  at  a  pressure  of  less  than  1  micro-Torr.  Quartz 
substrates  were  etched  up  to  4  pm  using  deep  reactive  ion  etching  (DRIE)  through  the  mask, 
leaving  behind  long  rectangular  areas  capped  by  chrome.  After  the  chrome  was  removed  from 
the  quartz  substrate,  the  quartz  substrate  was  used 
as  a  micro  die  to  transfer  the  geometric 
microgrooves  to  the  biodegradable  polymer, 
poly(D,L  lactide)  (PDLA).  A  scanning  electron 
microscopy  image  of  the  PDLA  films  is  shown  in 
Fig.  1.  Laminin  was  selectively  adsorbed  to  the 
microgrooves  using  a  surface-tension  based 
technique  developed  in  our  laboratory. 

Conduit  fabrication:  PDLA  was  dissolved  in 
chloroform  at  a  concentration  of  30%  w/v. 

Sodium  chloride  crystals  were  ground,  sieved  with 
120-gauge  mesh,  and  suspended  in  the  PDLA 
solution  at  a  concentration  of  75%  and  50%  by 
volume.  A  pasteur  pipette  (OD=l  mm)  (Fisher)  was  dipped  into  6%  w/v  solution  of  polyvinyl 
alcohol  (PVA)  in  water  and  allowed  to  dry.  The  PVA  acts  as  a  release  agent.  The  pipettes  were 
then  dipped  in  the  polymer/salt  suspension,  slowly  removed,  and  allowed  to  dry.  This  step  was 
repeated  until  the  outer  diameter  was  3mm.  The  dry  conduits  were  placed  under  vacuum  to 
remove  any  residual  chloroform.  The  pipettes  were  placed  in  water  to  release  the  conduit  from 
the  support.  Water  was  replaced  every  2 
hours  until  the  sodium  chloride  was  fully 
dissolved,  leaving  behind  the  conduit  with 
75%  or  50%  porosity.  The  conduits  were 
dried,  and  cut  into  1.2  cm  sections. 

Depending  on  the  salt  concentration  used, 
conduits  with  different  porosities  were 
obtained,  as  shown  in  Figs.  2  and  3.  The 
micropattemed  films  were  then  cut  into  1.2 
cm  by  1.5  cm  sections,  wrapped  around 
flame  narrowed  pasteur  pipettes,  and  inserted 
into  the  porous  conduit  supports.  The 
conduits  with  micropattemed  inserts  were 
stored  in  desiccators  at  -20  °C  until  used. 

Schwann  Cell  isolation  and  culture: 

Sprague-Dawley  rats,  16-20  days  old,  were 
anesthetized  and  decapitated.  The  sciatic 
nerve  was  removed  and  kept  in  chilled  Gey's  Balance  Salt  Solution  supplemented  with  6.5 
mg/ml  glucose.  The  epineurium,  connective  tissue,  and  blood  vessels  were  removed  using  fine 
forceps  and  the  nerve  was  cut  into  pieces  approximately  1  mm  in  length.  The  nerve  pieces  were 
placed  in  60  mm  tissue  culture  plates.  Approximately  0.5  ml  of  chicken  plasma  solution  (5 
mg/mL)  was  spread  evenly  over  the  bottom  of  the  plate.  Nerve  pieces  were  placed  in  the  dish 
spaced  2  mm  apart.  One  hundred  microliters  of  thrombin  (10  units/ml)  was  added  to  the  plate 
and  mixed  with  chicken  plasma.  Fibrin  from  the  chicken  plasma  was  allowed  to  clot  for  about 
five  minutes  before  adding  media.  The  media  used  for  the  cell  cultures  was  DMEM  with  10% 
v/v  fetal  bovine  serum  (FBS)  and  5  pL  gentamicin/ml  medium  . 


Fig.  2  SEM  image  of  a  PDLA  conduit  made  using  50%  sodium 
chloride 
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Media  was  changed 
every  two  days.  As  the 
nerve  pieces 

degenerated,  fibroblasts 
began  to  spread  onto 
the  plate.  When 

enough  fibroblasts 
spread  onto  the  plate 
in  5-7  days,  the  nerve 
pieces  were 

transplanted  onto  new  tissue  culture  plates  using  the  above  procedure.  After  3  or  4 
transplantations,  the  cells  spreading  from  the  nerve  pieces  consisted  mostly  of  Schwann  cells.  At 
this  point  the  nerve  pieces  were  dissociated  and  then  incubated  for  one  hour  at  37°C.  The  media 
and  cell  debris  were  removed  and  the  remaining  cells  will  be  resuspended  in  1  ml  of  fresh  media. 
The  cell  suspension  was  placed  in  75  cm1 2 3 4 5  tissue  culture  flask  and  enough  media  was  added. 
Cultures  were  determined  to  be  greater  than  95%  pure  by  immunocytochemistry  staining  of  S- 
100  protein. 


Fig.  3  SEM  image  of  a  PDLA  conduit  Fig.  4.  Schwann  cells  in  culture 


Schwann  cell  purification  and  seeding:  Schwann  cell  cultures  were  purified  by  removing  the 
cells  from  a  75  cm2  T-flask  and  adding  2  mL  anti-Thy  1.1  media  to  the  Schwann  cells  for  30 
minutes  and  adding  1.5  mL  rabbit  sera  complement  for  another  30  minutes.  The  cells  were 
resuspended  and  fed  with  DMEM/10%  FBS  supplemented  with  0.5  mM  forskolin,  0.5  mM 
isobutylmethylxanthate  (IBMX)  and  0.1  pg/mL  human  heregulin-pl  (EGF  domain).  This 
combination  reduced  fibroblasts  while  greatly  enhancing  the  proliferation  of  the  Schwann  cells. 
Cells  were  not  passaged  more  than  2  times  to  reduce  chances  of  immortalization  of  Schwann 
cells.  Schwann  cell  numbers  were  determined  by  trypan  blue  exclusion  using  a  hemacytometer. 

The  Schwann  cells  were  frozen  down  until  required.  Just  prior  to  the  in  vivo  studies,  the 
Schwann  cells  cultures  were  thawed,  allowed  to  become  confluent,  and  were  injected  into  each 
of  conduit  lumens  24  hours  prior  to  surgery  to  allow  for  adhesion. 


Animal  studies 


Following  the  in  vitro  studies,  we  have  proceeded  with  the  animal  studies  as  planned.  We 
originally  obtained  segments  of  cavernous  nerve  from  several  Sprague-Dawley  rats  and  they 
were  stored  at  -70°C  and  shipped  on  dry  ice  to  our  collaborators  (Dr.  Mallapragada)  at  Iowa 
State  University.  Attempts  at  schwann  cell  extraction  from  these  nerves  were  not  very 
successful  as  the  cells  did  not  grow  well  in  culture.  We  then  resorted  to  using  sciatic  nerve 
derived  schwann  cells  as  described  above. 

For  most  of  the  animal  experiments  we  obtained  aged  rates  (retired  male  breeders).  The  rats 
were  divided  into  groups  by  type  of  procedure/implant  as  follows: 


1 .  Controls/sham  surgery  n=5 

2.  Nerve  resection  n=5 

3.  Laminin  coated  polymer  tube  grafts  n=5 

4.  Genitofemoral  nerve  grafts  n=5 

5.  Laminin  coated  polymer  tubes  plated  with  Schwann  cells  n=5 
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The  animals  underwent  resection  of  2mm  of  the  cavernous  nerve  on  either  side  after  the  nerve 
had  been  dissected  out  all  the  way  to  the  pelvic  ganglion.  Following  surgery/implantation, 
animals  were  observed  for  2  months.  All  surgeries  were  performed  under  sterile  conditions  with 
ketamine/xylazine  anesthesia  initially  followed  by  phenobarbitol  anesthesia.  An  operating 
microscope  with  a  4x  o  lOx  magnification  was  used  for  performing  the  surgery.  The  conduits  as 
well  as  genitofemoral  nerves  were  implanted  using  1 0.0  nylon  with  a  single  suture  at  either  end. 
The  conduits  (4mm  long)  were  used  as  a  sleeve  to  slide  over  the  cut  ends  of  the  resected 
cavernous  nerve.  Laminin  was  applied  to  the  conduits  by  injecting  approx.  2mls  of  1  Oug/ml 
solution  (prepared  in  Earle's  Balanced  Salt  Solution  or  PBS)  into  the  middle  of  the  conduit.  Each 
tube  was  plated  with  50,000  schwann  cells.  The  Schwann  cells  were  thawed  and  initially  plated 
onto  a  T-25  flask  with  appropriate  medium  and  used  to  plate  the  conduits  after  the  second 


Approximately  one  week  prior  to  the  2  month  time 
point  two  rats  from  each  of  groups  1  -4  and  three  rats 
from  group  5  underwent  injection  of  fluorogold  into 
the  corpus  cavemosum  of  the  penis.  All  of  these 
animals  were  sacrificed  by  phenobarbitol  overdose  one  week  later.  We  performed  direct 
stimulation  of  the  proximal  end  of  the  dissected  cavernous  nerve  at  the  level  of  the  pelvic 
ganglion  to  determine  if  we  could  elicit  an  erectile  response  from  regenerated  nerves.  A  Grass 
square  wave  generator  was  used  as  the  power  source  and  impulses  at  4volts  and  a  frequency  of 
20-60  Hz  was  delivered  for  5-10  milliseconds.  While  no  complete  erections  were  observed, 
contraction  of  perineal  musculature  and  penile  tissue  were  observed  visually  in  60%  of  the 
animals.  Following  the  electrical  stimulation,  cavernous  nerve  segments  including  the  pelvic 
ganglion  on  each  side  were  resected  and  submitted  for  histology.  Immunofluoresence 
microscopy  to  assess  for  presence  of  fluorogold  is  currently  pending.  If  the  cavernous  integrity 
has  been  restored  or  if  there  has  been  regrowth  of  the  nerve,  we  expect  to  observe  presence  of 
fluorogold  in  the  pelvic  ganglion  or  proximal  to  the  inserted  nerve/conduit  segment.  Resected 
segment  of  cavernous  nerve  tissue  from  the  other  animals  has  been  obtained  and  submitted  for 
hematoxylin  and  eosin  staining  and  will  also  be  subjected  to  immunohistochemical  analysis  to 
look  for  nNOS  expression  using  a  polyclonal  antibody  to  nNOS.  These  studies  are  currently 
underway. 


Fig.  5.  Dissected  cavernous  nerve  exiting 
pelvic  ganglion  in  a  rat  shown  by  arrow  (a). 
Implanted  polymer  conduit  replacing 
resected  cavernous  nerve  (b) 


KEY  RESEARCH  ACCOMPLISHMENTS  (related  to  statement  of  work): 

Task  1: 

To  determine  if  biodegradable  polymers  alone  or  when  impregnated  with  laminin  +/-  polylysine 
can  result  in  nerve  growth  in  vitro  and  can  be  used  as  a  cavernous  nerve  interposition  graft  in 
vivo. 
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1 .  Production  of  micropattemed  PDFA  sheets  and  impregnation  with  laminin  +/-  polylysine 
and  quantitate  extent  and  direction  of  neurite  growth  (months  1  -6)  COMPLETED 

2.  In  vitro  optimization  of  micropatterning  to  yield  maximal  directional  neurite  growth 
(months  7-12)  COMPLETED 

3.  Perform  cavernous  nerve  interposition  grafts  using  genitofemoral  nerve  and 
micropattemed  polymer  PDFA  tubule  graft  alone  or  impregnated  with  laminin  +/- 
polylysine  in  a  rat  model  (month  7-8)  COMPLETED 

4.  Analyze  return  of  cavernous  nerve  function  in  animals  receiving  no  nerve  grafts  and 
those  receiving  nerve  grafts  using  electrical  stimulation,  behavioral  observation  and 
nNOS  expression  (months  9-12).  ELECTRICAL  STIMULATION  ANALYSIS 
COMPLETED.  HISTOLOGIC  ANALYSIS  IN  PROGRESS.  BEHAVIORAL 
OBSERVATION  COMPONENT  MODIFIED  TO  USE  PENILE  BLOOD  PRESSURE 
MEASUREMENTS  AS  THAT  IS  THE  MORE  COMMONLY  USED  METHOD 
CURRENTLY. 


CONCLUSIONS 

We  have  able  to  successfully  harvest  and  culture  schwann  cells  in  vitro.  We  have  also  developed 
biodegradable  polymer  conduits  that  have  been  optimized  for  groove  size  to  facilitate  maximal 
directional  neurite  growth.  We  have  been  able  to  successfully  implant  the  conduits  and  replace 
the  cavernous  nerve  in  experimental  animals.  We  are  awaiting  results  of  histologic  examinations 
to  determine  the  adequacy  of  nerve  regrowth  and  recovery  of  physiologic  function  which  will  be 
evaluated  in  the  next  phase  of  the  experiments  where  animals  will  be  examined  after  a  longer 
period  of  recovery. 
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